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Symbols

hp
hp,

local speed of sound

propeller disk area

aspect ratio = b2/S

wingspan

brake specific fuel consumption
chord length

aircraft drag coefficient

aircraft zero-lift drag coefficient

landing gear drag coefficient based on
gear frontal area

skin friction coefficient

center of gravity

aircraft lift coefficient

aircraft lift curve slope = 9C /ot
aircraft pitching moment coefficient

aircraft pitching moment coefficient at
zero lift

pitching moment curve slope = Cyy/dx
pressure coefficient

drag

Oswald efficiency factor

equivalent flat-plate area

acceleration due to gravity

geometric tail volume

location of CG aft of leading edge of
MAC as a fraction of MAC

location of neutral point aft of lecading
edge of MAC as a fraction of MAC

horsepower

sea-level horsepower ratio = hp/hp,,
lift

Mach number

load factor = L/W

power

dynamic pressure = p V2/2
Reynolds number

planform area
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Subscripts
A/C

ac

av

CG

EW

GE
hz

MAC
mid
MW
n

0

req
shaft

static margin as a fraction of MAC
thickness-to-chord ratio

thrust

velocity

weight

longitudinal coordinate

vertical coordinate

angle of attack

climb angle

non-ideal propeller efficiency factor

ideal propeller efficiency from actuator
disk theory

taper ratio

sweep angle of line through quarter-
chord points

viscosity

kinematic viscosity = wp
atmospheric density
dynamic pressure ratio at tail

bank angle

aircraft
aerodynamic center
available

center of gravity
empty weight

fuel

in ground effect
horizontal stabilizer
ideal or induced
mean acrodynamic chord
midspan

minimum weight
neutral point
sea-level or zero lift
required

engine shaft
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ver

vertical stabilizer

wing

wet

wetted area
free stream
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Summary

EGADS is a comprehensive preliminary design tool for
estimating the performance of light, single-engine general
aviation aircraft. The software runs on the Apple®
Macintosh™ series of personal computers and assists
amateur designers and aeronautical engineering students
in performing the many repetitive calculations required in
the aircraft design process. The program makes full use of
the mouse and standard Macintosh interface techniques to
simplify the input of various design parameters. Extensive
graphics, plotting, and text output capabilities are also
included.

Introduction

EGADS (Easy General Aviation Design System) for the
Apple Macintosh is organized as a collection of simple
*“design worksheets™ in which the designer can vary indi-
vidual aircraft parameters (such as wing aspect ratio or
gross weight) and immediately calculate the resulting
effects on aircraft performance. The classic equations for
low-speed flight mechanics are solved without approxi-
mation whenever possible, requiring numerical root-
finding algorithms in a few cases. Basic propeller charac-
teristics are determined using actuator disk theory, and
engine performance is adjusted for altitude by means of a
simple density relationship. A lifting-line algorithm is
available for computing aircraft lift, drag, and pitching
moment characteristics, and for determining lift, load, and

- bending moment distributions on simple one- and two-

surface configurations. A parametric plotting routine
provides visual insight into the effects of single-parameter
changes on aircraft performance. Help-screens provide
information for the calculations on each worksheet, and
extensive input checking provides users with on-screen
diagnostic error messages for trouble-free calculations.
Although EGADS facilitates the input of all design
parameters and the display of results, the input and output
files are also formatted for easy editing and specialized
plotting using standard word processing or spreadsheet
programs. (When editing the design files with a word pro-
cessor, the use of an equi-spaced font—e.g., Monaco—
will correctly align the data into columns.)

The main body of this report describes the basic installa-
tion and operation of EGADS, and the appendixes
describe (in limited detail) the assumptions and equations
used in the EGADS calculations. Throughout the figures,
examples of the various worksheets are given and refer-
ence is made to a variety of aircraft.

NOTE: The numerical input data and the
resulting performance estimates shown in the
figures and included in the accompanying design
files are not implied to be accurate for any of the
aircraft that are displayed or discussed in the

text and figures or included on the diskette. This
document is expressly not intended 1o provide the
reader with information on proper design guide-
lines, but instead to provide basic instructions
Jor operating the software.

Itis assumed that the reader has an understanding of the
basic vocabulary, goals, and techniques used in aircraft
design work. Neither this document nor the EGADS soft-
ware is intended to be a substitute for the information and
insight available from a thorough study of the past and
current states of the design art and from the many classic
and modern texts on the analysis, design, and construction
of aircraft.

Installing EGADS on the Macintosh

The EGADS diskette contains the application software
and a folder containing some aircraft design files. No
system file is included on the diskette, so computers that
do not have a hard disk should first be started with a
diskette that contains the system file. A backup copy of
the EGADS diskette should then be made before running
EGADS. On computers that have hard disks, all the files
and folders on the EGADS diskette should be copied onto
and run from the hard disk for the fastest operation. The
author recommends creating a new folder on the hard disk
with the name “EGADS Folder,” and transferring the files
from the diskette to the newly created folder.

Starting EGADS

After making a backup copy of the EGADS diskette, the
EGADS program can be started by double-clicking on the
EGADS icon. The EGADS startup screen, consisting of
the NASA logo on a field of blinking stars, will be dis-
played (fig. 1). If instead of the NASA logo the message
“ERROR 7" is printed, make sure that the application’s
memory size is sufficient and that the system has at least

| megabyte of available RAM memory. The application
memory size can be changed by returning to the Finder
and using the Get Info command on the EGADS applica-
tion file, then editing the number in the Application
Memory Size box so that it is at least as large as the
Suggested Memory Size (the amount of RAM memory
available can usually be found by choosing the About the
Finder option under the Apple menu). Once the program
has been successfully started, the NASA logo will be dis-
played. To begin using EGADS, hit any letter key or click
the mouse button while the cursor is inside the field of
blinking stars. Important information including a legal
disclaimer and an EGADS overview is then automatically
displayed, and the menu bar becomes active (the menu
selections change from gray to black). At this point, the
user can view some information about the best way to



begin using EGADS, read in a previously created aircraft
file, or begin to enter the important geometric parameters
for a totally new design.

Using EGADS

Figure 2 is a simplified flowchart depicting the opera-
tional organization of EGADS. After starting the program
the user typically reads in a previous design from the

AJC Files menu. Changes in the wing, tail, fuselage, and
landing gear geometry are then made on the Layout work-
sheets, engine modifications are made in the Propulsion
worksheets, and new component weights are entered in
the W & B worksheets. Once these modifications to the
design have been made, the drag buildup is recomputed in
order to provide the most current drag estimate to the
Performance worksheets. The diamond-shaped decision
box in the flowchart indicates that the drag buildup must
alwiys be updated before new performance estimates are
computed whenever any geometry changes are made in
the Layout worksheets. Finally, the Performance work-
sheets are used to make estimates of the new design’s
capabilities.

»

After review, the aircrzft geometry, propulsion system,
and weights can again be modified, the drag buildup
recomputed, and new performance estimates analyzed.
Muit.ple iterations of this “modify-recompute-reanalyze”
procedure form the basis of the aircraft design process,
and typically continue until all the design requirements
are met or until a reasonable compromise between the
requirements is reached. Once the design is completed (or
as soon as the designer reaches the exhaustion/frustration
limit), the aircraft information should be saved to a file,
and the EGADS program halted.

The following six sections provide descriptions of the
various worksheets and their use, starting with the Control
menu and continuing through the A/C Files, Layout,
Propulsion, W&B, and Performance menus. The selec-
tions available under each menu choice are displayed in
figures 3(a)-3(f). Help-screens (available on many work-
sheets by pressing the button labeled with a *7") also pro-
vide the user with useful information, and are reproduced
in the figures. A short discussion of the majur equations
and assumptions used in the EGADS worksheets can be
found in the appendixes.

Control Menu

The selections available under the Control menu are
shown in figure 3(a) and are described in the following

paragraphs.

Some Information about EGADS

The Some-Info-about-EGADs worksheet (fig. 4) contains
the author’s name and the address to which written corre-
spondence about EGADS should be addressed, the pro-
gramming environment used to create EGADS
(Microsoft® QuickBASIC), and some general informa-
tion about the easy-to-use philosophy behind EGADS.

How To Get Started

The How-to-Get-Started worksheet (fig. 5) contains
information about getting started, learning to use EGADS,
using screen dump files to save copies of the worksheets,
and printing instructions.

What EGADS Can’t Do ... Yet

Because EGADS is a program for making initial perfor-
mance estimates of low-speed, propeller-equipped, gen-
cral aviation aircraft, certain types of calculations are not
included. These excluded topics are displayed on the
What-EGADS-Can’t Do . . . Yet worksheet, which is
reproduced in figure 6.

Disclaimers and Responsibilities

The Disclaimers-and-Responsibilities worksheet states
that the user of EGADS relies on it and its results at his or
her own risk (fig. 7). The successful design of an aircraft
requires that performance estimates be viewed with the
clear understanding that they are *'best guess” predictions,
and that they are subject to the uncertainties of the inputs
and assumptions in the calculations. There is simply no
substitute for thorough understanding and experience
when reviewing design predictions.

Print the Current Worksheet

A copy of any worksheet can be sent to the printer by
selecting the Print-the-Cuirent-Worksheet menu option.
On worksheets containing plots, this menu option is
replaced by a button labeled Print.

Quit (with Save Option)

The Quit- (with Save Option) menu selection allows the
user to save the current design information to disk, then
quit EGADS and return to the Finder. This final screen
picture is reproduced at the end of the figures (fig. 33).

A/C Files Menu

The selections available under the A/C Files menu are
shown in figure 3(b) and are described in the following
paragraphs.

- 2%,



Read a Stored Aircraft File

Using standard Macintosh dialog box techniques, the user
can read in a stored design file from disk (fig. 8). A three-
vizw of the configuration is drawn to verify the selection
after it is read from the disk.

Save the Current Aircraft File

The current design can be written to a disk file by select-
ing the appropriate folder, entering the file name, and
pressing the Save button. The required dialog box inputs
are shown in figure 9.

See Parameters of Some Famous Aircraft

Design information from a few selected historical aircraft
is provided on the See-Parameters-of-Some-Famous-
Aircraft worksheet to give the user some guidelines for
k. - aircraft sizing (fig. 10). The numbers in this work-
.2 were derived using published performance data

tr¢ . a wide variety of sources, and are approximate at
best.

Layout Menu

The Layout menu worksheets allow the user to input the
basic geometry of the aircraft, with all dimensions in
decimal feet and angles in degrees. The F, S, and P but-
tons found at the bottom of the worksheets draw front,
side, and plan (top) views when presced, and the “?" but-
ton provides access to the help information. The selections
available under the Layout menu are shown in figure 3(c).

Fuselage

The dimensions of the fuselage cross sections are individ-
ually input on the Fuselage worksheet (fig. 11(a)); X
refers to the longitudinal location of the section from the
forward datum, and Z is the locaticn of the bottom of the
cross section from the vertical datum (in most cases, the
ground should be used as the vertical datum, where

Z =0). The width and height of each cross section are
entered in decimal feet, along with the corner radius. Iso
Angle (fig. 11(a)) refers to the angle at which the sections
are drawn in the quasi-isometric view when the Draw
Isometric button is pushed.

Scrolling through the sections is done by pressing the
Next Section and Previous Section buttons. While
scrolling, the section is drawn unscaled next to the edit
fields and highlighted in the larger isometric view. Lines
connecting the middle of the top and side of each section
are also drawn. Cross sections are saved only after the
buttons labeled Save this Section or Replace Section are
pressed. Clicking the Delete This Section button removes

the current highlighted cross section from the list of fuse-
lage sections. Under the Performance menu, the wetted
area of the fuselage is calculated in the Drag Buildup
worksheet, and the volume and fineness ratio of the fuse-
lage are displayed when the EstFusAero button is pressed
in the Lift Distributions worksheet. The F, S, and P but-
tons draw front, side, and plan views when pressed

(fig. 11(a)). and the button labeled “?" provides the user
with help information (fig. 11(b)).

Wing

Permanent design changes to the wing geometry can only
be made in the Wing worksheet (with the exceptions of
the wing incidence and twizt. which can also be perma-
nently changed in the Lift-disti ibutions worksheet,
Performance menu). All dimensions should be entered in
decimal feet and degrees. See figure 12(a) for a descrip-
tive diagram of the Wing worksheet. The quantities
Aileron Inboard and Fiap Inboard refer to the spanwise
distance (in feet) of the aileron and flap from the wing
centerline chord. The quantity Wing Z-Location is the
location of the wing centerline chord from the vertical
datum, and Wing X-Location is the distance of the leading
edge of the wing centerline chord from the horizontal
datum. Wing area, taper ratio, aspect ratio, and mean
aerodynamic chord (MAC) are printed at the bottom of
the worksheet, along with the sweep (in degrees) of a line
through the wing quarter chords and the ratio of aiieron
and flap areas to wing area. The location of the MAC
shows up as an extended chord line. Although the wing
area and aspect ratio appear in other worksheets, they are
provided in those worksheets only for “what if” analysis.
Wing changes made in other worksheets are temporary,
and apply only to the calculations performed in those
worksheets. Wing and tail airfoil-thickness ratios are
entered, and the wetted area of the wing is calculated in
the Performance menu, Drag Buildup worksheet. The F,
S, and P buttons draw front, side, and plan views when
pressed, and the 2 button provides the user with help
information (fig. 12(b)). The wing is redrawn and its
geometric parameters updated whenever the Update

(fig. 12(a)) button or keyboard carriage return key is
pressed.

Tail

Permancnt changes to the tail geometry can only be made
on the Tail worksheet (with the exceptions of the horizon-
tal tail incidence and twist, which can also be permanently
changed in the Lift Distributions worksheet). The quantity
Hz Z-Location (fig. 13(a)) is the location of the horizontal
stabilizer centerline chord from the vertical datum (which
should be the same as that used for the fuselage cross sec-
tions): the Ver X-Location provides a similar input for the
vertical stabilizer. Rudder Inboard is the distance of the




bottom of the rudder from the bottom of the vertical stabi-
lizer. Note that the vertical tail is drawn lying on its side
next to the horizontal stabilizer in the plan view (fig. 13a).
Horizontal and vertical stabilizer areas and aspect ratios
are printed at the bottom of the worksheet, along with the
geometric tail volume coefficients. The longitudinal loca-
tion of the gross-weight center of gravity (CG) is dis-
played with the standard CG symbol. The wetted areas of
the tail are calculated on the Drag Buildup worksheet
under the Performance menu. The F, S, and P buttons
draw front, side, and plan views when pressed, and the
**7"" button provides the user with help information

(fig. 13(b)). The plan view is redrawn and the geometric
information updated whenever the Update button

(fig. 13(a)) or keyboard carriage return key is prassed.

Landing Gear

The dimensions and locations of the landing gear should
be entered on the Landing Gear workshee: in units of dec-
imal feet. See figure 14(a) for a descriptive diagram of the
worksheet. The gear loads for the various loading condi-
tions are calculated using simple force and moment bal-
ances after pressing on the appropriate button; for
example, the gear loads in the minimum weight condition
will be calculated and displayed when the Minimum but-
ton is pressed. If the CG moves out from between the
landing gear, the user is warned of a tip-over condition by
a beep tone and by a gear load that is less than or equal to
zero. If changes are made to the loadings contained in the
weight-information edit fields, the user can reset this
weight information to the original values by pressing the
“R” (restore) button. (Permanent changes to the weight
and loading data can only be made on the W & B menu,
CG Location worksheet.) Note that the gear lcads dis-
played are the individual strut loads, with the assumption
that there is a single nose/tail gear strut and two main gear
struts. If the aircraft has retractable landing gear, the but-
ton labeled Retractable should be activated so that the
drag of the landing gear will be cortectly handled on the
Performance menu worksheets. The button labeled 7
provides the user with help information (fig. 14(b)).

Plan View
A full-screen plan view is drawn when this menu item is

selected (fig. 15).

Front View

A full-screen front view is drawn whei this menu item is
selected (fig. 16).

Side View

A full-screen side view is drawn when this menu item is
selected (fig. 17).

Big Wing

A full-screen plan view of the wing is drawn when this
menu item is selected (fig. 18).

3-View

A full-screen three-view of the aircraft is drawn when this
menu item is selected (fig. 19). Note that the three views
are not drawn to the same scale.

Propulsion Menu

The only selection available under the Propulsion menu
(fig. 3(d)) is the Piston & Propeller worksheet (fig. 20(a)).
This is the only worksheet in which permanent changes to
the engine horsepower and propeller can be made. Plots of
propeller efficiency, thrust, and available power versus
airspeed and altitude can be made in a manner similar to
that used in the Parametric Plots worksheet. Engine super-
charging can also be included by pressing the Super-
charged button and entering the critical altitude. The
critical altitude is defined as the altitude below which
there is no change in engine shaft horsepower with alti-
tude. The user is cautioned that the efficiency of a fixed-
pitch propeller will vary dramatically with airspeed, and
will have a strong effect on performance. A sample plot is
shown in figure 20(b), and the help information (7" but-
ton) in figure 20(c). Additional information about the cal-
culations is presented in appendix A.

Weight and Balance Menu

The selections available under the Weight and Balance
(W & B) menu are CG Location and Aerodynamic Center
(fig. 3(e)).

CG Location

The CG Location worksheet (fig. 21(a)) is used to esti-
mate the gross, empty, and minimum aircraft weights and
center of gravity locations. The weights and longitudinal
locations (moment arms) of the major components should
be entered in the associated edit fields. The location of the
area centroids of the wing and tails can also be computed
by pressing the Centroids button. Note that this worksheet
is extremely limited in the number cf components avail-
able, and cannot be used for the detailed CG calculations
required for a real aircraft. It also makes no attempt to
calculate the vertical location of the center of gravity.




When the button labeled Recalculate the CG Limits is
pressed, a side view of the aircraft is drawn, along with a
marker for the gross-weight center of gravity location.
The empty weight is the sum of al! structural and propul-
sion corrponents. The minimum weight is the sum of the
empty weight plus the minimum pilot weight. The gross
weight is the sum of all components, including fuel, max-
imum pilot weight, passengers, anc baggage. The CG
iocations and weights calculated in this worksheet are
used as inputs for other worksheets, but can be perma-
nently changed only on this worksheet. Help information
(fig. 21(b)) is displayed when the “*?” button is pushed.

Aerodynamic Center

The Aerodynamic Center worksheet (fig. 22(a)) is used to
provide a quick estimate of the stick-fixed longitudinal
location of the aircraft neutral point (aerodynamic center)
and static margin. Upon entry to the worksheet, the lift
curve slopes of the wing and tail are computed using the
Helmbold equation, and the downwash gradient is calcu-
lated using the method of Torenbeeck (ref. 1). The fuse-
lage’s contribution to the pitching moment and the
dynamic pressure ratio at the tail can also be input, but
their estimation is currently left to the user. The neutral
point location and static margin for the various aircraft
loadings are graphically displayed at the bottom of the
screen. (The aerodynamic center of the wing/tail combi-
nation can also be estimated when using the Lift Distribu-
tion worksheet by adjusting the CG location until no
change in the total aircraft moment occurs when the angle
of attack is varied. When this CG location is determined,
the CG and neutral point are co-located.) When tiie button
iabeled Recalculate the AC is pressed, a side view of the
aircraft is drawn, along with a marker for the gross-weight
center of graviiy location and designators for the mini-
mum weight CG and neutral point location. Help informa-
tion is displayed when the *?" button is pushed

(fig. 22(b)). Additional details of these calculations are
presented in appendix B.

Performance Menu

Once the geometry has been adequately specified using
the Layout menu, the performance of the aircraft can be
estimated using the various selections found on the
Performance menu. The selections available under this
menu are shown in figure 3(f). A list of the equations used
in the performance worksheet calculations is given in
appendix C. Because of the variation in propeller and
engine performance with airspeed and altitude, a discus-
sion of the actuator disk theory used to estimate propeller
performance is given in appendix D. The user is cautioned
that the efficiency of a fixed-pitch propeller will varv
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dramatically with airspeed, and will have a strong effect
on an aircraft’s performance.

Drag Buildup

Before any performance computations can be completed,
an estimate of the drag coefficient of the aircraft must be
made. Upon entry to the Drag Buildup worksheet

(fig. 23(a)), the wetted areas for the wing, tails, fuselage,
and landing gear are calculated. An average flat-plate
skin-friction coefficient (Cy) for each of the various com-
ponents is entered in the first column. The thickness ratios
of the wing and tails are entered in the second column of
edit fields, along with drag coefficients (Cp ) for the
landing gear based on its frontal area. Allowance can be
made for portions of the wing or tails that lie inside the
fuselage by entering the percentage of the overlapping
area to be included in the wetted area calculations under
the column labeled "% Overlap Wetted.”

For example, 10% of the planform areas of the wing and
of the horizontal tail that overlap the fuselage arc included
in the wetted-area computations shown in figure 23(a). If
none of the overlapping planform area of a component is
to be included in a component’s wetted area, then a zero
should be entered in the appropriate % Overlap field. The
associated wetted and equivalent flat-plate areas (in
square feet) are computed and displayed along with each
component’s contribution to the zero-lift drag coefficient
in the upper right quadrant of the worksheet. The gear
wetted area is computed using the approximate wetted
area of the wheels only, but the landing gear equivalent
flat-plate and drag increments are a function of the gear
frontal (not wetted) areas. The help screen (accessible by
pressing the “*?" button) provides useful information about
the range of Cgand Cp_for a variety of aircraft and
landing gear types; it is reproduced in figure 23(b).

The total wetted area, zero-lift drag coefficient (Cp ).
total equivalent flat-plate area, and overall skin-friction
coefficients for gear-up and gear-down configurations are
re-computed and displayed in the center of the worksheet
after the Recalculate Drag Buildup button is pressed. The
user is cautioned that no automated estimates for form,
cooling, base, interference, excrescence, strut, or other
significant sources of drag are made on this worksheet:
instead, a single edit field is provided to allow the user to
include his own estimate of these important miscellaneous
drag contributions.

In order that the drag estimates remain concurrent with
geometry changes, the computations on this worksheet
must always be performed after making any changes in
the layout worksheets and before computing any new per-
formance estimates. By enabling the Performan.e menu
selections only after the computations in the Drag Buildup
worksheet have been completed, EGADS ensures that the




drag estimates for a design remain concurrent with its
geometry changes.

The aircraft CD0 and Oswald efficiency factor appear in
many of the performance worksheets, but they can be
permanently changed only on the Drag Buildup work-
sheet. Although the Oswald efficiency factor for the
wing + tail combination is computed on the Lift
Distribution worksheet, EGADS currently leaves the
estimation of the total aircraft (wing + tail + fuselage)
Oswald efficiency to the user. Note also that the C Do
found upon entry to the performance worksheets is chosen
according to the type of landing gear (fixed or
retractable). Additional details of these calculations are
presented in appendix E.

Climb and Turn

The Climb-and-Turn worksheet is useful when calculating
many of the important parameters in constant-speed
climbing, diving, level, and turning flight. The aircraft
design parameters that affect these calculations are auto-
matically copied into the worksheet from the Layout
pages. Note that any changes made in this worksheet to
aircraft design parameters such as C Dy Oswald effi-
ciency, wing area, aspect ratio, and gross weight are tem-
porary, and wili not be copied into other worksheets.

The user should enter the desired flight Mach number, air-
speed, or lift coefficient (Cp) into the appropriate edit
field (fig. 24(a)), then click on the corresponding button
or press the keyboard carriage return key in order to per-
form the calculations. The two corresponding values will
then be automatically displayed in the neighboring edit
fields, along with a full display of other flight paranieters
in the lower half of the worksheet. For example, if flight
at a specific Mach number is desired, the Mach number
should first be entered into the Mach number edit field,
then the Mach button (or keyboard carriage return key)
should be pressed. Tt.e corresponding values of airspeed
and lift coefficient will then be displayed in their respec-
tive edit fields, along with a large variety of other addi-
tional numerical information characterizing the flight
conditions at this Mach number.

Help information is displayed when the “?" button is
pushed (fig. 24(b)), and all design data are restored to
their original values when the “R" button is pressed.
Additional details of these calculations are presented in
appendix F.

Range

The Range worksheet (fig. 25(a)) is used to estimate tite
aircraft’s range and endurance using the Breguet €qua-
tions. The aircraft design parameters that affect these cal-
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culations are automatically copied into the worksheet
from the Layout pages. Note that any changes made in
this worksheet to aircraft design parameters such as C Dy
wing area, aspect ratio, and gross weight are temporary,
and will not be copied into other worksheets. The Cy_ for
best range is automatically displayed in the lower region
of the left column. The actual C_ used for cruising can be
entered in the upper rightmost edit field, along with the
fraction of total fuel consumed during the flight. (Most
general aviation aircraft cruise at a C__ that requires
approximately 75% of their available power, resulting in
airspeeds significantly higher than those given by the
Breguet optimum.)

Flights of different lengths can be simulated by adjusting
the fraction of fuel used, with a fraction of 1" denoting
the maximum tank-empty range. The range, endurance,
airspeeds, and fuel flow rate corresponding to the cruise
CL and fuel fraction are then displaved in the lower right
portion of the worksheet when the Recalculate the Range
button or the keyboard carriage return key is pressed.
Note the sensitivity of the computations to the value of
brake specific fuel consumption (BSFC). Help informa-
tion is displayed when the “?" button is pushed

(fig. 25(b)), and all design data are restored to their origi-
nal values when the “R™ button is pressed. Additional
details of these calculations are presented in appendix G.

Speeds

The Speeds worksheet /fig. 26(a)) can be used to calculate
the effects of design changes on many of the imporiant
aircraft operating speeds. The aircraft design parameters
that affect these calculations are automatically copied into
the worksheei from the Layout pages. Note that any
changes made on this worksheet to aircraft design
parameters such as CDO. Oswald efficiency, wing area,
aspect ratio, and gross weight are temporary, and will not
be copied into other worksheets. The sea-level engine
horsepower should be entered in the upper rightmost edit
field, along with the propeller diameter and estimates for
the propeller efficiency and maximum lift coefficient of
the aircraft. The minimum, maximum, best rate of climb
(Vy), and best angle of climb (V) airspeeds and the cor-
responding flight parameters are then displayed in the
lower portion of the worksheet when the Recalculate the
Speeds button or the keyboard carriage return key is
pressed. Pressing the button labeled Show Glide Speeds
displays the power-off speeds for best glide range and
glide endurance. The user is cautioned that the efficiency
of a fixed-pitch propeller will vary dramatically with air-
speed, and will have a strong effect on performance. Help
information is displayed when the 2" button is pushed
(fig. 26(b)), and all design data are restored to their origi-
nal values when the “R" button is pressed. Additional
details of these calculations are presented in appendix H.




Ceilings

The Ceilings worksheet (fig. 27(a)) can be used to calcu-
late the etfects of design changes on the aircraft service
and absolute ceilings. The aircraft design parameters that
affect these calculations are automatically copied into the
worksheet from the Layout pages. Note that any changes
made in this worksheet to aircraft design parameters such
as CDO- Oswald efficiency, wing area, aspect ratio, and
gross weight are temporary, and will not be copied into
other worksheets. The sea-level engine horsepower should
be entered in the upper righ:most edit field, along with the
propeller diameter and efficiency. One half of the fuel
weight is automatically subtracted from the gross weight
upon entry to this worksheet. The ceilings and associated
flight parameters are displayed in the lower portion of the
worksheet when the Recalculate the Ceilings button or the
keyboard carriage return key is pressed. Help information
(fig. 27(b)) is displayed when the **?” button is pushed,
and all design data are restored to their original values
when the “R” bution is pressed. Additional details of these
calculations are presented in appendix I.

Takeoff Roll

The Takeoff Roll worksheet (fig. 28(a)) can be used to
calculate the effects of design changes on the aircraft
takeoff ground roll distance. The ground roll displayed in
the lower left corner of thc worksheet is the runway dis-
tance required for the aircraft to accelerate to the rotation
velocity. The aircraft design parameters that affect these
calculations are automatically copied into the worksheet
from the Layout pages. Note that any changes made on
this worksheet to aircraft design parameters such as CDO,
Oswald efficiency, wing area, aspect ratio, and gross
weight are temporary, and will not be copied into other
worksheets. The Takeoff Roll C|_item refers to the lift
coefficient produced by the wing while the aircraft is
rolling down the runway, and the CLmax of Takeoff
Configuration item refers to the maximum lift coefficient
of the aircraft in the takeoff configuration. The ratio of
rotation to stall speeds is V(rorate)/ V(stall) The Ground
Friction Coefficient is used to characterize the relative
roughness of different runways. Wing Height above
Ground is calculated in and auto natically copied from the
Landing Gear worksheet; it is important for determining
the effect of the grourd's proximity on the induced drag.
Aircraft Cpy_refers to the Cp,, of the aircraft without
landing gear; the gear flat-plate area is now included as an
input, and the CDO used in the takeoff roll computations
combines both the clean aircraft and landing gear drag.
Takeoff parameters are then displayed in the lower por-
tion of the worksheet when the Ricalculate the Takeoff
Roll button or the keyboard carriage return key is pressed.

Help information (fig. 28(b)) is displayed when the *7”
button is pushed, and all design data are restored to their
original values when the “R" button is pressed. Additional
details of these calculations are presented in appendix J.

Landing Roll

The Landing Roll worksheet (fig. 29(a)) can be used to
calculate the effects of design changes on the aircraft
landing ground roll distance. The aircraft design parame-
ters that affect these calculations are automatically copied
into the worksheet from the Laycut pages. Note that any
changes made on this worksheet to aircraft design
parameters such as Cp , Oswald efficier "y, wing area,
aspect ratio, and gross weight are temporary, and will not
be copied into other worksheets. The Landing Roll C_
item refers to the lift coefficient produced by the wing
while the aircraft is rolling down the runway, and the
CLmax of Landing Configuration item refers to the
maximum lift coefficient of the aircraft in the landing
approach configuration. V(approach)/ Vstall) is the ratio of
approach to stall speeds, and Approach Angle is the
flight-path angle ot the approach (EGADS assumes a
positive approach angle for descent). The Braking Friction
Coefficient is used to characterize the relative braking
power available on different runways. Seconds to Zero
Powe: is the time in seconds that it takes the pilot to move
the throttle from the approach to idle setting during the
landing roll (EGADS uses a default value of 0.5 sec).
Wing Height above Ground is calculated on the Landing
Gear worksheet, and is important for determining the
effect of the ground's proximity on the induced drag. Air-
craft Cp_refers to the Cp,,of the aircraft without landing
gear; the gear flat-plate area is now included as an input,
and the CDo used in the landing-roll computations com-
bines both the clean aircraft and landing gear drag. Land-
ing parameters are then displayed in the lower portion of
the worksheet when the Recalculate the Landing Roll
button or the keyboard carmage retur: key is pressed.
Help information (fig. 29(b)) is displayed when the 7"
button is pushed, and all design data are restored to their
original values when the “R" button is pressed. Additional
details of these calculations are presented in appendix J.

Standard Atmosphere

Atmospheric properties are calculated in EGADS accord-
ing to the formulas given by the U.S. Extension to the
International Civil Aviation Organization (ICAO) stan-
dard atmosphere (ref. 2). Note that these formmlas are tor
astandard day only. After entering the altitude,

Mach number, and chord length combination of interest,




pressing the Recalculate Quantities button or keyboard
carriage return key causes the corresponding atmospheric
conditions and Reynolds number to be computed and
displayed in the lower half of the worksheet. The Standard
Atmosphere worksheet is reproduced in figure 30(a), and
the heln information is given in figure 30(b).

Parametric Plots

The Parametric Plots worksheet (fig. 31(a)) is one of the
most powerful worksheets in the EGADS program,
because it greatly simplifies the creation of many of the
plots required for aircraft design and analysis. After press-
ing the Select Variables button, the user selects the vari-
able to be displayed on the horizontal axis of the plot by
clicking one of the highlighted buttons. Once the selection
of the horizontal axis variable has been made, the vari-
ables available for plotting along the vertical axis are
highlighted in the secoad column. The user next selects
the vertical axis variable by clicking on the appropriate
button. The equation to be plotted then appears at the bot-
tom of the screen. The third column of buttons is then
activated, from which the user selects the parametric vari-
able. The parametric variable is the one parameter that
will be changed between the different curves on the final
plot. The user is then prompted to enter appropriate
information into the outlined edit fields in order to make
the plots.

Edit fields labeled Fixed will contain parameters that will
be constant for each of the curves. Edit fields labeled
X-Step and P-Step determine the size of the step between
the minimum and maximum values of the X- and para-
metric values, respectively, and therefore determine the
number of divisions along the x-axis and the number of
curves on the plot. Once the fields have been properly
filled, the Make the Plot button becomes active, and the
user makes the plot by pressing this button or the carrizge
return key. The plot is then drawn, with the various curves
labeled with the value of the parametric variable along the
right side of the plot. The x- and y-values displayed at the
top of the chart correspond to the current location of the
cursor within the plot.

The numeric values that make up the individual curves
can be written to a text file by pressing the Text button.
After clicking the close box in the upper left corner of the
plot or pressing the mouse button or return key, the user is
returned to the Parametric Plots input worksheet, where a
different range of variables can be entered or an entirely
different plot can be made. A sample plot is shown in
figure 31(b). The list of plottable equations is given in the
help screen reproduced in figures 31(c) and 31(d).

Lift Distributions

The Lift Distribution worksheet (fig. 32(a)) employs ele-
mentary lifting-line theory to do a simplified low-speed
aerodynamic analysis of the hft, bending moment, and
load distributions on the wing and tail (or canard, if the
“tail” is in front of the wing}. Plots of the total aircraft lift
curve (C_ vs at), drag polar (Cy_ vs Cp), and moment
curve (Cpq vs C ) can also be made over a user-specified
range of a. The wing and tail incidence and twist (also
known as “washout”) are copied from the Layout work-
sheets, but can be changed permanently on this worksheet
by pressing the Save Twist and Incidence button. The
Vortices item refers to the number of horseshoe vortices
distributed along the half-span of the wing and tail. Airfoil
CMAC is the pitching moment of the vving and horizontal
tail airfoils about their sectional aerodynamic centers
(which by definition do not change much with angle of
attack), and Airfoil ZLA is the zero-lift angle of attack of
the airfoils used in the wing and tail.

The effect of the fuselage on the aircraft pitching moment
can be included by entering the fuselage zero-litt pitching
moment (Cmq) and the fuselage pitching-moment-curve
slope (Cma ) 1n the appropriate edit fields in the upper
right corner of the worksheet. EGADS computes (using
the methods of ref. 3) and displays approximations for
these values and the fuselage volume and fineness ratio
whenever the EstFusAero (estimate fuselage aerodynam-
ics) button (fig. 32(a)) is pressed. The gross-weight center
of gravity location is copied from the CG Location
worksheet on thc W & B menu. By clicking on the
Vortices button (fig. 32(a)), a plan view of the configura-
tion showing the distribution of the vortices and normal
flow control points is drawn, along with the current CG
location (fig. 32(b)). Note that the outboard vortices have
purposely been inset slightly from the tips of the wing and
tail.

After pressing the Return button, the lift, load, and bend-
ing moment distributions on the wing and tail can be
viewed by pressing the appropriate buttons. These distri-
butions correspond to the range of angles of attack entered
in the AoA Start and AoA Finish edit fields. A text file
containing a complete listing of all the numerical informa-
tion can be produced by pressing the Text Output button.

An example plot of the load distributions is shown in fig-
ure 32(c). Note that the location of the wingtip corre-
sponds to a span fraction of 1.0, and the centerline chord
is located at span fraction 0. As on the Parametric Plots
worksheet, the user can simply point to the desired screen
location and have the current x- and y-location of the cur-
sor displayed above the plot. The numeric values that
make up the individual curves can also be written to a text




file when the Text Output button is pressed. After click-
ing the close box in the upper left corner of the plot or
pressing the mouse button or return key, the user is
returned to the main worksheet, where different inputs can
be entered.

The time required to perform the calculations is a fui..don
of both the number of panels (vortices) and the speed of
the Macintosh CPU. While performing the calculations,
the current status is displayed below the control buttons.
Recomputations that do not require a redistribution of vor-
tices are completed much faster than the initial calcula-
tions. Plots of the aircraft lift curve, drag polar, and
moment curve (figs. 32(d)-32(f)) can be drawn with self-
scaled limits, or fixed plotting limits can be used by
deselecting the Autoscale button and entering the plot
limits in the edit fields in the lower right comner of the
worksheet. Helo information (fig. 32(g)) is displayed
when the “?” button is pushed, and all design data are
restored to their origina! values when the “‘R” button is
pressed.

The Quit (with Save Option) (on the Control Menu) final
screen is shown in figure 33.

Pitfalls of Computer Design and Analysis

Computed estimates of aircraft performance are subject to
the uncertainties of the inputs and to the assumptions
involved in the derivations of the governing equations.
The old adage “garbage in—garbage out” is still true and
worth remembering when checking computational inputs
for correctness, but it is just as important to realize that
even correc: inputs will give incorrect results if any of the
assumptions inherent in the governing equations and
computations are violated by any of the inputs. It is also
helpful to remember that the absolute magnitude of a spe-
cific calculation is often not as important as understanding

the performance trar.Js ihat re<:lt from changes in design
parameters.

Understanding this trend information requires both a
study of the assumptions made when developing the gov-
erning equations, and a critical examination of predicted
performance characteristics over a range of input values.
Although the Parametric Plots worksheet automates much
of the plotting required when examining predictions and
trends, studying the discussion of the equations given in
the appendixes is only a first step toward the complete
development of this understanding. As stated in the
Introduction, this document and the EGADS software are
intended to supplement and not substitute for the many
classic and modern texts on the analysis, design, and
construction of aircraft.

Conclusion

The EGADS software provides a quick and simple
meth.d for obtaining preliminary aerodynamic peifor-
mance estimates for propeller-driven aircraft operating at
low subsonic speeds. The software was written to take full
advantage of the user interface and graphic capabilities of
the Apple Macintosh computer. EGADS allows the user
to easily examine the many effects of various aircraft
design parameters on aerodynamic performance. The
software is intended for use primarily by home-built air-
craft designers, general aviation pilots, and undergraduate
students of aeronautical engineering.

This report serves as an introductory operat: >ns manual;
as such, it does not include a fully detailed development
of all the equations and assumptions used throughout the
software. It should be emphasized that the information
contained in this report and that provided by the EGADS
software do not provide sufficient guidance for the
successful design of an actual aircraft.




Appendix A ear relationship between ideal propeller efficiency and
velocity, equations (9) and (11) must be solved in order to
investigate the manner in which the available power and

Propulsion Computations , thrust vary with velocity and altitude (ref. 4). Above the
. . . critical altitude, engine horsepower decreases according to
Equations (7)—(14) (appendix C) are used to estimate pro- equation (7).

peller efficiency, and engine thrust and power available
throughout various flight regimes. Because of the nonlin-
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Appendix B

Aerodynamic Center Computations

A precise prediction of the location of the aerodynamic
center requires the estimation and input of some acrody-
namic parameters that are currentiy beyond the calculation
capabilities of EGADS, Equation (30) (appendix C)
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is first used to compute approximate values of wing and
horizontal tail lift curve slopes, then equation (31) is used
to estimate the change in downwash angle at the tail with
changes in angle of attack. Accurate estimation and input
of BCMM / ac,_w and the tail dynamic pressure ratio is
left up to the user. Equation (33) is then used to estimate
the aerodynamic center of the aircraft.




Appendix C

Partial List of Equations Used in EGADS

L n= cosy

cosd

Constant rate turns and climbs
2. q = l sz

2

Definition of dynamic pressure
3. L=qSCp =nw=w=Y

cos ¢
Constant rate turns and climbs
C 2

4. CD =CD° +

nARe

Low speed, AR > 2, no flow separation,
uncambered aircraft, constant rate turns and
climbs

5. D=qSCp=T-Wsiny
Thrust opposite drag, steady flight

6. L2+(T-D)?=w?2
Thrust opposite drag, steady flight

LAP:
7. hpr = -p-Q__
B-0.12
1 normally aspirated engine
P
h > hcritical' supercharged
B =P crideal
£ h < hrigicals Supercharged
Po
Approximate variation of reciprocating engine
power with altitude (ref. 4)
. 8. =DV

Preq
Required power, steady level flight
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10.

11.

12.

13.

14.

15.

{6.

17.

19.

20.
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3 (1-m)
Psnapt = 2PAV —n3'—hPr Pshatt,,
i

Actuator disk theory assumptions (ref. 4)

Pav = N; Pypag
Available power reduced by non-ideal and
actuator disk propeller efficiencies

(“'ﬂi)
Ti=2pAVY 3

Actuator disk theory assumptions (ref. 4)

T= ﬂT,
Available thrust reduced by non-ideal propeller
efficiency

_ 1/3 p2/3
Tstatic =(2pA) Pshafl

Actuator disk theory assumptions

1/3

T = Ttaric (1- ;)
Actuator disk theory assumptions

V=M, a
Derinition of free-stream Mach number

$=8,
(In EGADS, the reference area is the wing
planform area)

t/c
Swet =2 S(H--—)
wet 4

Wetted-area estimate for wing and -ail surfaces
(ref. 1)

Linearly tapered, simple wing

(I+A+).2)

3(1+4)
Linearly tapered, simple wing

Cmac =2Cpig

Gthl = (X‘cm - X" )—Jn—s
CMacS
Definition of geometric tail volume for
horizontal stabilizer




GCTVye, = ("acm ~ Xac,, )%f

Definition of geometric tail volume for vertical
stabilizer

f= Ce Swet
Equivalent flat-plate area

CD° = -s-
Parasite drag coefficient

V2 cosy

gtand
Constant rate turns and climbs

Turn radius =

Vcosy

Turn radius
Constant rate turns and climbs

Turn rate =

Fuel flow = BSFC

Pohan
Reciprocating engine

Range = 1, —CL {n o
BSFCC ) W= Wil
Cruise without winds at censtant altitude,
BSFC, and CL

372
Endurance = nm; L (QS)“2
BSFCCp

1 | 3s.
x (w-wy l)lff‘ W1/2
ue!

Cruise without winds at constant altitude,
BSFC, and Cy

( 16Z,, \2
- b
2. Cp,_ =Cp

H(wz\,)
b

Biot-Savart estimate for horseshoe vortex
(ref. 1)

4.

36.

AR
CL, =0 —F———77

2+ (4 + ARZ)l
Approximate lift-curve slope

CL“
"”me(xwr)"‘(m-no]

r=2i::l m

Chy = Xp, *Xac,, " Xw - Xac,,
Approximate downwash gradient (ref. 1)

_ Xw+Xg

h

™ Cmac
Wing neutral point

h +F—(fous/wa)
i 1+F(Cmac/t;)

h, =
CL

Approximate aircraft neutral point as a fraction
of MAC (ref. 5)

Xacarc) =PaCmac
Longitudinal location of neutral point

h= -X—CL
Cmac
CG location as a fraction of MAC

SM=h,-h
Static margin as a fraction of MAC
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Appendix D

Assumptions behind the Actuator Disk
Theory Used in EGADS

A complete discussion of the developmen: and assump-
tions underlying actuator disk theory can be found in
many introductory texts on aircraft acrodynamics and
flight mechanics. The assumptions underlying the theory
are given by McCormick as the following: (1) velocity is
constant over the propeller disk; (2) pressure is uniform
over the propeller disk; (3) rotation imparted to the flow
as it passes through the propeller is neglected; (4) flow
passing through the propeller can be separated from the
rest of the flow by a well-defined stream tube; and (5) the
flow is incompressible (ref. 6, p. 343). An additional
assumption is that the pressure in the slipstream returns to
the free-streamn value far downstream of the propeller
disk.

These assumptions lead to inaccuracies when using actua-
tor disk theory to predict actual propeller efficiency. In
order to make actuator disk theory more realistic for use
in performance estimations, the efficiency factor 7 (input
by the user, and always less than 1) is used to represent
additional non-ideal propeller losses neglected by the the-
ory. These include hub and tip losses as well as blade
profile drag losses. From equations (9) and (11)
(appendix C), it is clear that a cubic or quadratic equation
must be solved to determine the value of the ideal

(actuator disk theory) propeller efficiency n;. EGADS
attempts to determine the exact value of n; whenever it is
required. The total available power (P,,) is then deter-
mined by equation (10) (appendix C), in which the total
propeller efficiency is assumed to be the product of the
non-ideal and ideal propeller efficiencies. Because of the
dependence of ; (and P,,) on the velocity, the best rate
speeds and ceilings are computed within EGADS using
simple iterative techniques. The takeoff and landing roll
distance computations use a simple explicit Euler-Cauchy
time-integration technique for approximating the thrust
and airspeed as a function of time during the ground roll,
and therefore require the computation of the variation in
M; (and T,,) with airspeed throughout the duration of the
ground rolls.

Some of the limitations of actuator disk theory can be
seen in figure 20(b). As the airspeed increases, the actual
propeller efficiency (and the available power) should
reach a maximum and then decrease as a result of two
effects: the angle of attack seen by the blades (and hence
the thrust) is continually reduced as the forward speed of
the aircraft increases, and as the blades reach transonic
speeds, the formation of shock waves on the blades will
further increase the blade drag while reducing the thrust.
More advanced propeller estimation techniques based on
blade-clement or vortex theory can compute improved
estimates of propeller efficiency, but they lack the sim-
plicity of the actuator disk theory.

17
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Appendix E

Drag Buildup Computations

The wetted area of the fuselage is computed using numer-
ical integration. The wetted areas of the wing and tail sur-
faces are estimated using equation (17) (appendix C) upon
entry to the Drag Buildup worksheet. When the Recal-
culate the Drag Buildup button or the keyboard carriage
return key is pressed, the equivalent flat-plate areas for the
individual components are computed (eq. (22),

appendix C) and displayed in the right-most column,

FraCa0i PALE 1
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along with the total wetted area, total equivalent flat-plate
area, overall skin-friction coefficient, and aircraft zero-lift
drag coefficient CD0 (eq. (23)). Note that the wetted-area
computations for the landing gear neglect the wetted areas
of the struts and assume that there are two main gear
wheels and one nose/tail wheel. The drag increment due
to the landing gear is computed by multiplying the tire
frontal areas by the value of CD,' Although the aircraft
CDO and the Oswald efficiency factor appear in many of
the performance worksheets, they can be permanently ‘
changed only on this worksheet.
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Appendix F

Climb and Turn Computations

The equation numbers cited below refer to those in
appendix C.

Calculations based on Mach number:

1. Use atmosphere calculations to determine a and p
Use equation (1) to determine n

Use equation (15) to determine V

Use equation (2) to determine q

Use equation (3) to determine C_

Use equation (4) to determine Cp

Use equation (5) to determine T

Use equation (12) to determine T;

¥ ® N o0k wN

Use equation (11) to determine 1;

10. Use equations (7) and (9) to determine hp, and Pgpqq
12. Use equation (24) to determine turn radius

13. Use equation (25) to determine turn rate
Calculations based on Cj :

1. Use atmosphere calculations to determine a and p

2. Use equation (1) to determine n

3. Use equation (4) to determine Cpy

4. Use equation (3) to determine V

PRECEDNH G PASE B ANK ¢

Use equation (14) to determine M,

Use equation (2) to determine q

Use equation (5) to determine T

Use equation (12) to determine T;

Use equation (11) to determine 1;

Use equations (7) and (9) to determine hp, and Pgpaq

. Use equation (24) to determine turn radius
12.

Use equation (25) to determine turn rate

Calculations based on airspeed:

|

¥ o N AW N

S

11.
12.

Use atmosphere calculations to determine a and p
Use equation (1) to determine n

Use equation (15) to determine M,

Use equation (2) to determine g

Use equation (3) to determine CL

Use equation (4) to determine Cp

Use equation (5) to determine T

Use equation (12) to determine T;

Use equation (11) to determine 1;

Use equations (7) and (9) to determine hp, and Pgy .5
Use equation (24) to determine turn radius

Use equation (25) to determine turn rate
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Appendix G

Range Computations

The equation numbers cited below refer to those in
appendix C.

1. Use atmosphere calculations to determine a and p

2. Use equation (3) to determine q when half of trip fuel
is consumed

3. Use equation (2) to determine V

Usc equation (4) to determine Cp

Use equation (5) to determine T

Use equation (12) to determine T;

Use equation (11) to determine 1y;

Use equations (7) and (9) to determine hp, and Py .
Use equation (26) to determine fuel flow

Use equation (27) to determine range

. Use equation (28) to determine endurance
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Appendix H

Speed Computations

The equation numbers cited below refer to those in
appendix C.

Calculations for Viyip:

Use atmosphere calculations to determine a and p
Use equation (3) to determine q at Cl—mu

Use equation (2) to determine V

Use equation (15) to determine M,

Use equation (4) to determine Cp,

Use equation (5) to determine T

Use equation (12) to determine T;

Use equation (11) to determine n;

P NN AN

Calculations for Vipax:

1. Use atmosphere calculations to determine a and p

2. Since v is a function of V, Vi, is found by using a

bisection search assuming Pgyq = hpPshatt,,

Use equations (7) and (9) to determine hp, and Pgp 0

Calculations for Vy (best rate of climb speed):
1. Use atmosphere calculations to determine a and p

2. Since v is a function of V, V, is found by using a
bisection search assuming Py o6 = hp, Pshatt,

Caiculations for Vy (best angle of climb speed):
1. Use atmosphere calculations to determine a and p

2. Since n; is a function of V, Vy is found by using a
bisection search assuming Pgy,q = hp, Pshatt,,

Calculations for best power-off glide speed assume
CL = (x ¢ AR Cp )2 for maximum glide ratio.

Calculations for best power-off glide endurance use a
bisection search to determine the C_ for maximum
endurance.
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Appendix 1

Ceilings Computations

The service ceiling calculation uses two bisection
searches: an outer search is performed for the altitude at
which Vy = 100 ft/min, and an inner bisection search
determines the maximum Vy at the trial altitude. The

absolute ceiling calculation also uses two bisection
searches: an outer search is performed for the altitude at
which V, = 0 f/min, and an inner bisection search
determines the maximum V,, at the trial altitude. In both
cases, equations (7) and (9) (appendix C) are used to
determine the shaft power available as a function of alti-
tude, and equation (11) is used to determine the variation
in ideal thrust with airspeed. :
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Appendix J

Takeoff and Landing Roll Computations

The equations of motion for the aircraft during the takeoff
and landing rolls are integrated forward in time using a
simple explicit Euler-Cauchy technique. The ideal static
thrust is calculated using equation (13), and then equa-
tion (9) (appendix C) is solved to determine n; as a func-
tion of airspeed. Equations (12) and (14) are then used to
compute the actual thrust. The effect of the ground's prox-

imity on the induced drag is calculated by usiig equa-
tion (29). The integration time-step is 0.02 sec. For the
takeoff roll, the integration is halted upon reaching the
rotation airspeed—no estimations of rotation and first-
segment climb distances are made. The value of the thrust
at the beginning of the landing roll is computed using the
approach airspeed and descent angle, then the thrust is
linearly decreased to zero during the Time to Zero Power.
The landing-roll integration is halted as soon as the air-
craft comes to a complete stop. No estimations of the flare
and landing rotation distances are made.
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Conteot A0 Files  Layout Propulsion W6 8 Performance

National Aeronautics and
Spafe Administration

FHADS  basy beneral Avintion Desigh System
Version 130

(et ang bey o chick the mogse®hattan to hegin)

Figure 1. EGADS startup screen.
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Change weights
Check stability

- Change engine
Modify geometry Change propeller

Has the geometry changed
since the last drag buildup?

| Redo drag buildup |

A

Calculate
performance
estimates

L

Figure 2. Simplified flowchart of EGADS.
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A/C Files Layout Propulsion W & B Performance |
Some info ebout EGADS

How to get started

What EGADS can't do ... yet
Disciaimers and responsibilities
Print the current worksheet %P
Quit (with Save options) %Q

@

| & Contro! JINIIIRY Layout Propuision WG B Performance
Read o stored aircraft file xO0
Save the current alrcraft file xS
See parameters of some famous eircraft

(b)

[ & Control A/C Files [N Propuision W& B Performance |

Fuselage t 13
Wing W
Tait ®7
Landing gear %L
Plan view
Front view
Side view
Big wing
3-view x3
(c)
[ & Conirol R/CFiles Layout WG B Performance |
Piston O Propelier XE]
(d)
[ & Control A/C Flles Layout Propuision Performance !
CG location %C
Rerodynamic center % R
(e)

{ & Conlrol A/CFiles Layoul Propuision WG B

Orag bulidep %0
Climb end turn

Renge

Speeds ®y
Ceilings

Tekeoff roll

Lending roll

Standerd atmosphere
Parametric plots

Lift distributions

U]

Figure 3. Menu Selections. (a) Control menu, (b) A/C Files menu, (c) Layout menu, (d) Propulsion menu,
(e) Weight and Balance (W&B) menu, (f) Performance menu.
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EGADS : (E)asy (6)eneral (A)viation (D)esign (S)ystem

Author: John Melton
Applied Aerodynemics Branch, Aerodynamics Division (RAA)
M/S 227-6, NASA Ames Research Center
Moffett Field, CA 94035
ATTN : EGADS
Environment : MICROSOFT® QuickBASIC on the Apple® Macintosh™
Documentation: NASA TM 104013

EGADS is & collection of "computer worksheets" intended to help the
designers of home-built and general aviation aircraft. Because aircraft
design is an iterative process, EGADS provides the user with -

1. Design variables that are quick to input and easy to change

2: Fast recalculation of the results

3: Lots of graphics
The organization of EGADS allows the designer to run through a multitude of
design alterations in 8 minimum amount of time, and have fun in the process.

Figure 4. Control menu: Some-Info-about-EGADS worksheet.

Getting Started with EGADS
EGADS : Easy General Aviation Design System

The easiest way to learn EGADS is to begin by modifying an existing
aircraft. Simply choose one of the designs already stored on this disk
(see the "Read a stored aircraft file" option under the “A/C Files" menu),
then proceed to alter the wing, tail, and fuselage geometry (under the
“Layout” menu). After the geometry has been altered, calculate the new
performance characteristics (under the "Performance” menu) All of the
inputs ere “standerd Macintosh” : program controls are mouse-activated
by pulling down a menu or clicking on a button. Use Commaeand-Shift-3 to
create a screen dump file of a current worksheet (on many Macs, the
screen must be set to two-color mode for this to work), or use the "Print
the current worksheet” command from the “Control” menu to send the
worksheet straight to the printer. Please refer to the EGADS user's guide
(NASA TM 104013) for additionel information, detailed operating instruc-
tions, and a discussion of the cepabilities and ltmitations of EGADS

Figure 5. Control menu: How-to-Get-Started worksheet,




Limitations and the Future of EGADS

EGADS : Easy General Aviation Design System

EGADS currently has no provisions for :

Transonic/supersonic calculations
Jet engines

Power effects on stability
Cockpit layouts

Weight estimation

Rotation and flare distances
Lateral stability derivatives
Structures calculations

Lots of other good things ..

But someday .. !

Figure 6. Control menu: What-EGADS-Can't-Do . . . Yet worksheet.

Boring Legal Stuff about EGADS
EGADS : Easy General Aviation Design System

The author of EGADS does not warrent, guarantee, or make any representations
regarding the use of, or the results of the use of, the EGADS program in terms
of correctness, accuracy, reliability, currentness, or otherwise; the user

of the program relies on it and its results solely at his/her own risk.

Figure 7. Control menu: Disclaimers-and-Responsibilities worksheet,




1 - Open the folder containing the design file

3 Aircraft

0 A6M (ZERO)

D Beech V-Tail Bonanza
0 Bushby Mustang ||
O Cessna 1492

0 Cessna 172N

O Glasair 11}
D Kitfox

D P-51

D Piper Cherokee

ilcx HD

Open =

i i

— 2 - Point and click on the name of the design file

3 - Press this button to open and read the design file

Figure 8. A/C Files menu: Read-a-Stored-Aircraft-File worksheet.

| 1 - Choose a folder for storing the design file
&)

| 9 EGADS
Aircraft
Q NASIE Lompiter '
0 BASIC overlays b
O Correspondence Ffo...
O Documentation
Enter the A/C filename Save <o

Il/ I | Cancel | J

4Type the name of the design file in this rectangle

3 - Press this button after typing the name and choosing a folder —

| B

L

Figure 9. A/C Files menu: Save-the-Current-Aircraft-File worksheet.
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FGROS Hetp 1nfarmation

tse these parameters 2s design guidelines:

Aircraft CL
max

Fokker D-7 1.28

Ryan NYP 1.25

Cessna 152 1.70
Cessna172 2.0
Piper Cherokee 1.75
BeechV-35  1.85

P-510 1.70
B-17G 1.90
Thorp T-18 2.10
Glasair I 2.20

co
min

.0404

.0379

.0372
.0319
.0358
0192
0163
.0302
.0353

.0180

Wing Aspect
Area Ratio
15 6.58
319 6.63
160 6.97
175 7.32
170 6.02
181 6.20
233 5.86
1420 7.58
85.4 5.08
813 6.68

Gross
Weight
1238
5135
1670
2300
2400
3400
10100
55000
1500
2500

Oswald
Factor
0.72
0.74
0.77
0.77
.75
0.75
0.75
0.82
0.74
0.75

HP

185
220
160
160
180
285
1430
4800
150
300

Figure 10. A/C Files menu: See-Parameters-of-Some-Famous-Aircraft worksheet.




—— Edit fields for current cross-section dimensions
Close box Unscaled view of the current cross section

Highlighted current cross section
in quasi-isometric view

Section: 9 eof \12 Fus le\gth 22.5 (ft) Wing spen 33.3 (rt)
[— |

' HL T

Width 3.23

Hetght
L Rectus e

( Seve this section )
( oelete this section )
{ neplace section )
(  Neutsection ]
(" Previous section ) (7
( Orew isometric ) >

@

_ 00aE_ &F

\\\‘ Help button
— Operation buttons

Buttons for drawing front, side, and plan views

EGHIS Hedp Infurmation

Fuselage information
Input the dimensions and location of each fuselage cross section X is the
longitudinal location of the cross section, Z 1s the height of the section
above the ground, and Redius 1s the section corner radius. All dimensions
ore in decimai feet. “Iso angle” refers to the angle (in degrees) at which
the seclions are drawn I1n the quasi-isometric view when the "Draw
isometric” button is pushed The fuselage wetted area is celculated in the
“Dreag Buildup” worksheet under the “Performance” menu, and the fuselage
volume and fineness ratio are displayed when the "EstFusAerc” button is
pressed in the "Lift Distributions” worksheet IMPORTANT - Cross sections|j)
are saved only when the buttons labe!ed “Save this section” or "Replace
section” are pressed The number of fuselage cross sections 1s currently
Iimited to 6 maximum of 30 After pressing the “Updete” button, use the
“F, "S”, and "P" buttons to view the front, side, and plan (top) views of the [i}
eircraft I

\

(®)

Figure 11. Layout menu. (a) Fuselage worksheet, (b) Help information.
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Location of mean aerodynamic chord (MAC) ——

— Edit fields for entering wing dimensions Flap —
Aileron —
| Wing X-lecetion !!! Fuselage length : 22.5 (ft)
Wing Z-lecstion [59
Span (ft) 333
Roet cherd (1t) 5.6
Tip cherd (11)
Dihedre) (deg)
Twist (deg)
1 Incidence (deg) I I
LEdge sweep (deg)
Alleron chord (11)["g et
Atleren spen (10) | 7 F
All inbeard (ft) (025 ] "\‘
Flep chord (1t) 1 F\
Flap spen (ft) 7
| Flap inboord (ft) [ § 25 |MAC 404 (1t)

Aspect retio 6.94 1/4chord sweep -0.4 (deg)
Toper rotio 0.714  Atlleron/wWing (eress) 0.00 O]
Arse 159.80 (1t°2) Flep/Wing (aress) 0.09}J }]
\. 7
Buttons for drawing front, side, and plan views —
Help button

@

LOBOS Help tntarimation

wing Information
Input the wing, flap, and aileron dimensions in feet and degrees
IMPORTANT - This is the only workshest where PERMANENT chenges Lo the
wing planform can be mede Although the wing erea and espect ratic show
up in other worksheets, they ere provided in those worksheets only for
paremetric analysis and “what if" studies. "Twist™ is also known as
“washout”, end “Incidence” refers to the inclination of the wing root with |3
respect 1o the 2=0 fuselage datum plane. The locetion of the MAC shows up [
o8 an extended chord iine After pressing the "Updete” button, use the F",
"S", and "P” buttons to view the front, side, and plan (top) views of the
eircraft

()

Figure 12. Layout menu. (a) Wing worksheet, (b) Help information.
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Gross weight CG marker
— | Hz X-location Fus length 225 (1t) Wing sp/n 33.3 (ft)
Hz 2-1ocation

H2 spen

Hz root cherd
Hz tip chord
Hz dihedre!

— Edit fields for entering tail dimensions Vertical tail ——

HZ incidence
Hz LE swaep
— Elevator chord
Elevetor spen
Ver X-lecation
Ver height
Ver root chord
Ver tip cherd

Ver LE sweep 40
Rudder chord L3 Aree (ft°2) AR Tail volume

Rudder span 7 Hz: 2950 3.39 0.485

~— | Rudder tnboerd ver: 1281 142 o.o_3|7p@® J

Buttons for drawing front, side, and plan views
Help button

/

@

ELHUS Help Intormation

Tail information
Input the teil surface dimensions end lacations in feet and degrees
IMPORTANT - This is the only worksheet where PERMANENT changes to the |
tell planforms cen be made. Many of the tnputs ere similar to those used to ¥
describe the wing geometry The tall volume coefficients ere besed only on i
the geometries of the wing and teil, and are NOT a function of the Cc6 d
tocetion Note that the verticel tail is drawn lying on tts side next to the
horizontal stabilizer in the plan view After pressing the “Update button,
use the "F", “S”, end "P" buttons to view the front, side, and plan (top)
views of the aircraft

®)

Figure 13. Layout menu. (a) Tail worksheet, (b) Help information.
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Figure 14. Layout menu. (a) Landing Gear worksheet, (b) Help information.

L S A/
Gross weight CG marker —/ / LRetract button Z Help button

Restore button

Edit fields for entering gear information
Edit fields for entering weight information

Foentmrg apear Dessny 1)

_hein Nose/Tall

Gross Weight (ib) X-locatton (1t) 19 315
Gross Weight €6 Strut length (1) |29 K3

Empty Weight (Ib) Tire diameter (ft) 1

Emptly Weight C6 Tire width (ft) 43

4
Hin Weight (1b) Geer loed (1) +563.1 +545.6
Nin Weight C6 Wing height sbove ground

+6.0 (1t)

Fuselage-Ground incidence

+2.26 (dey)
Wing-6round incidence

+4.26 (deg)

QO Retractabie

R Calculote gear loads using:

&.—"-]'l Empty | ( Minimum
()

Ground line

EGHUS Help Intonmation

Lending Geer Information
input the landing gear dimensions and locations in feet, then use the v
buttons to calculate the static 1oads on the struts for the different weights o
and CG locetions EGADS ea~sumes that the mein gesr has two struts end the |
nose (or tell) geer has one strut. Strut length refers to the distance :
between the dottom of the fuselage and the center of the whesl, end 1s used !
to calculate the angle of incidence between tne ground end the wing and
fuselage The real aircraft will have an increasing tendency to tip over as
the CG moves out from between the landing geor The user will be warned
of this situation by a beep tone and a gear 1oed thet 1s less than or equal to
2ero If changes are made to the 10adings conteined in the weight
informetion edit fields, ihe user cen reset this weight information te the
originel vaiues by pressing the "R (reset) button (permeanen. changes to
the weight end loading deta cen only be made in the "W & B : CG location”
worksheet) Be sure to indicete whether the gear 1S fixed or retractatie by V.
pressing the "Retractsble” button if the geer can be retracted so that the s
1anding gear drag will be correctly accounted for in the "Performence”
worksheets

-

(b)
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PLAN VIEW
Span :
Overoll length

: 2408 (ft)

Aircraft:Cessna 152

33.30 (ft)

Figure 15. layout menu: Plan View worksheet.

FRONT VIEW
Span :

33.30 (1)

Gverall length: 2408 (rt)

Aircraft.Cessna 152

e e e

Figure 16. Layout menu: Front View workshee:.
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SIDE VIEW
Overall length: 24.08 (ft)
Overall height : 7.44 (ft)

Aircraft:Cessna 152

Figure 17. Layout menu: Side View worksheet.

YING

Span: 33.30 (ft)

Area: 159.80 (ft°2)
AR: 6914

Aircraft:Cessna 152

Figure 18. Layout menu:

Big Wing worksheet.




T - T

Aircraft:Cessna 152

Figure 19. Layout menu: 3-View worksheet.

— Supercharged button

Prston 6 Prope)ler o0 eeang 149,
P N

Minimum Maximum __ Step
Airspeed (KTAS) 00
Altitude (rt) 10000 |

Prop diameter (ft)
Prop efficiercy
Sea level sngine hp S

——= OSupercharged  Criticel aititude (T (g )

Press button to plot:
(Prop efficiency vs Rirspeed) (Thrust us Rirspeed) (Shaft power vs Aititude)
{Aveilable Power vs RAirspeed )

Help button

Figure 20. Propulsion menu. (a) Piston & Propeller worksheet.
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Cursor position in graph

' Hoabahte Paier s thrspeed [ essng -
Avaflable Power (hp)
- X: 700156 Y

85 ¢ 411272 ltltud% (1)
80

75 2000

70 4000

65 6000

6o 8000
) 10000

S5 4

€0

45 4

‘o P
35 4
60 7'0 8'0 9.0 l—(;ﬂ
Atrspeed (KTAS) / (Tont)
Cursor _/ Print button ——"

30 v
Text output button

(b)

L LHUS Nw|1; Inturmation

Piston & Propeller Information
Plots of the effects of sirspeed and altitude on engine and propslier
performance cen be easily made with this worksheet. This is the only
worksheet whaere permanent changes to the shaft horsepower and propelier
can be mede. if the engine is supercinerged, the button shouid be pressed
and the cnitical aititude ertered-below the critica! aititude, no loss i1n
ergine shaft horsepower occurs with increased altitude The prope!ler-
efficiency edit field refers to the ncn-ideal iosses associated with Lhe
propeller drag and slipstream swirl. This efficiency fector is slweys
multiplied by the ideal efficiancy in order to determine the totel propeller
efficiency. The 1deal propelier efficiency is a function of the speed,
diemeter, altitude, and shaft power of the engine, end is calculated
w..srever necessary in EGADS using simple actuetor disk theory. Use the
mouse Lo point to any place within the graph, end the x- end y-values
sutomatically appear above the chart. Pressing the "Texl” button produces
8 data ftle containing the information for each curve.

.

(c)

Figure 20. Concluded. (b) Sample plot, (c) Help inf.. mation.
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Hrerghts and Center ot Gramty - Losing 150

Component  Weight (1b) X-locattfon (ft)

Wing Iiﬂ 8.11 ‘

Horizontal 35 2036 | Wing loading  10.46 (1b/11°2)

Verticeal 29 2165

Fuselage [ 450 (6.5 Gross Weight 1672.0 (1b)

Engine L8 Empty Welight 10420 (1b)

Metn Geor "2?9_ 7.9 Minimum Weight 1152.0 (ib)

Nose/Tail Gear 3.15

Battery i—" LS Gross Weight C6 6.36 (1t)
. Propeller 24 0 Empty Weight C6 6.13 (11)

’ Avionics (20 S Min Weight C6 6.09 (1t)

Fuel 139 9

Hax Pilot 189 2.1

Hin Pilot L190 3.z

Pass *1 189 2.1

[ 4
poss 22 Lot (TRecalculate the C6 limits )
| Baggage 20 1 )
Help button
(@

EOHHOS Help Information

Weights Information :
Input the major components of the atrcreft and tnheir longitudinal location g
from the X=0 datum line. Press the “Centroids” button to display the
area centroids of the wing and hor1zontei and vertica! stabilizers
Although temporery chenges to the wing and teil locetions can be made in
this worksheet, permeanent chenges can only be made in the “Leyout”
worksheels. This worksheet is absolutely NOT adequate for the detailed ;
computations essential for an actua! design, where EVERY comoonent must
be accurately weighed end 1ts location end mornent precisely determined

(b)

Figure 21. W & B menu. (a) CG Location worksheet, (b) Help information.
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Herodynamic center : Lessny 192
3(CM body) / 3(CL wing) [ or zero to neglect | | o
Dynamic pressure ratio at tail
Downwash gradient 3(eps) /7 3(AoA)
Wing Lift Curve Slope (per degree)
Tail Lift Curve Slope (per degree)
Sweep of wing aerodynamic centers (deg)

Hin Weight Gross Weight Aero Center /

C6 C6 Neutral Point
h: 1.257 1.312 1.636

x (ft): 6.09 6.36 1.92

C6 is always ahead of Aoo Center - aircreft is static stable
Static mergin range : +0.323 +0.379

- (___Recaiculate the AC _j/iz)
Help button

@

ELHODS Hedo Intormation

Aerodynamic Center Information
This worksheet provides e quick analytic estimate of the asrodynamic
center (neutral point) for the configuretion, and computes the stick-fixed
stetic mergins for the various CG locations Remember that the aircraft
must be both stable and trimmable throughcut the range of expected tift
coefficients Note that the neutrs! point can also be estimated with the
“LIft Distribution” worksheet by adjusting the CG location (the point about
which the maments are computed) unti! there is no change In the aircreft
pitching moment with angle of atteck

(®)

Figure 22. W & B menu. (a) Aerodynamic Center worksheet, (b) Help information.




Overlap Wetted Flat-plate
Thick area ZXOverlop areo area
Component CF retio (ft°2) wetted (ft°2) (ft°2) ACDo
Wing 85 1 18.2 10 294.04 2.499 0.0156
Horiz. tefl 86 08 24 10 55.71 0.479 0.0030
Vert. tail 08 25.62 0.225 0.0014
Fuselage 89 cow 20292 1.806 00113
Moin Gear 35 11.74 0.467 0.0029
Nose/Tail Gear 4 328 0.176 0.0011
Miscellaneoys ——-----—-=——==—-——=—mmmmmmm. 3" " Jo.0019
Cear retracted Gear extended
Total wetted area 578.3 (1t-2) 593.3 (1t°2)
Minimum CDo 0.0332 0.0372
Equivalent flat-plate area 5.31 (1t°2) 5.95 (ft-2)
Overall CF 92 100
Oswald factor (<1) 77 ]
CF is in drag counts.
L CDw is based on gear frontal area. [(Recalculate drag buildup ) )

Help button

L DS Hetp Intarimation

Drag Buildup Information
This worksheet con be used to calculate the wetted and equivalent flat- |
plate eress for each of the aircraft components. Allowsence cen be made for ™
portions of the wing or ta1ls which may hie inside the fuselege by entering
the percentege of the overlepping ares under the column tabeled “XOverlap
wetted”. If none of the overlepping plenform erea of & component is to be |§
included in 8 component’s wetted aree, then 8 2ero shouid be entered in the ::
appropriste "% Overlap” field. An estimation of the sbsclute minimum COo |
(peresite dreg coefficient) due to skin friction alone ts then computed.
Use the miscellaneous inpul lo include the effects of form, cooling, base,
ond other drags Note that CF (skin friction coefficient) is expressed in
drag counts, with a Cf of 00001 equal to ! drag count. Note aiso that the
COo found upon entry to the "Performence ™ worksheets Is chosen according i'
to the type (f1xad or retractable) of the lending gear, 8nd iha Oswald factor |5
for the “Performance  worxsheets 1s teken frcm tnis worksheet For most
aircreft, the Oswald factor lies in the renge betwesn O 7 to 0 85, end CON
for most fixed tanding geer ranges from 0 17 (fully faired) to 085S (circuler |¥
strut with no wheel feairings) '

Aircreft Typicel Overell CF (*n drag counts)
Cessna 150 100
Piper Cherokee 93
Composite Homebur it <0
Beech Starship a4
L P-S1 Musteng 30

®

Figure 23. Performance menu. (a) Drag Buildup worksheet, {b) Help information.

49




Fhiobhuag and tin Nty fhght 1 easog 10
Climb angle (deg) Mach number
Alrcraft CDo Afrspesd (KTAS)
Oswaeld factor (<1) Alrcreft CL
Altitude (1) Prop diameter (ft)
Wing erea (rt-2) Prop efficiency ;
Aspsct retio ideel prop efficiency 0.889

Gross Weight (Ib) Loed fector = L/W 0.999
Bank angle (deg) w/s (1b/11°2) 10.46
Climb rete (ft/min) +439.9 Atlrspeed (mph) 95.5
Thrust req (1b) +261.9 Alrspeed (KEAS) 79.0
Thrust/weight +0.16 Re number 3.93E+06
CD1 (Induced) 0.0147 Altitude shaft hp +88.3
CODI/CD (total) 0.283 Weight/Power (1b/hp) +108.93
CD (total) 0.0519 Seae level shaft hp +99 5
cL/co 957 Turn radius (ft) 0.00E+00
Lift (o) 1669.7 Turn rote (deg/sec) 0.00
Drag (1b) 174.4 Recalculete using :

| Density (siugs/1t"3) .0021.3 (Mach ) (hirspeed )| u/ﬁ]l}_b
Help button

Restore button

PRHES Help Intormatosn

Climbding end Turning Flignt Information
This worksheet is very useful for calculating the 1111, drag, and power
required during level, climbing, an¢ steady turning flight The user should
enter the desired f1ight Mach number, eirspeed, or lift coefficient (CL) in
the eppropriste edit field, then click on the corresponding button or press
L2 ke jhoard carriege return key tn order to perform the calculstions
The two corresponding velues will then be automaeticelly displayed in the [
neighboring edit fields, aiong with @ fuil drsplay of other flignt perometers J
in the tower half of the worksheet. For example, 1 flight ot a specific
Hech number is desired, then the Mach number should first be entered into
the “Mach number” edit fisld, and the "Mach” button (or keyboard cerriage
return key) should be pressed. The corresponding values of airspeed and :
111t coafficient will then be displeyed in their respective adit fields, elang i
with e lerge veriety of edditional information for this flight condition.
Use the "R” button to restore the values teken from the “Layout” ord "CG
Locetion” worksheets

®)

Figure 24. Performance menu. (a) Climb and Turn worksheet, (b) Help information.
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Alrcraft CDo Cru.se CL
Oswe'd factor (ci) 77 Fraction of fuel used (¢1)
Cruise oltitude (1t) 3500
Wing area (11°2) 159.8 Ideal prop efficiency 0.930
Aspect ratio 6.94 Avg fuel flow (gph) 6.44
BSFC (1b/hp-hr) 5 True oirspeed (KTAS) 97.2
Prop diameter (ft) 375 True airspeed (mph) 1t11.8
Prop efficiency as ] Equiv airspeed (KEAS) 925
Fuel (gal) 23 HMach 0.149
6ross Wetight (1b) 1672 Re number 4.600E+06
Fuel/Gross 0.0897 Range (SM) 347.4
cD 0.0445 Range (NM) 301.9
L/D 7.666 Time in hours 3.1
Optimum CL 0.7903 Req hp at oltitude 77.3
Opt airspeed (KTAS) 64.4 Req hp at see level 87.0
Optimum rangs (Sh) 568.2 Successful. ..
Optimum range (NM) 493.7

—

(' Recaiculate the rong
Restore button Help button

@

LOHUS Help Infurmation

Range Information
This worksheet celculates the aircreft's range and endurence using the
clessic Bregeut equations. The optimum CL for meximum range is
displayed, along with the renge and flight conditions for the input CL.
Flights of diiferent iengths cen be simuleted by adjusting the fraction of
fue) used, with a fraction of | equel to the meximum tank-empty renge
BSFC 15 the ratio of fusl fiow (I1b/hr) to horsepower produced, end hes 8
value of spproximately 0S for most sir-conled reciprocating engines
The user is ceutioned thet the Bregeut equation includes no silowances for |
taxiing, chimb, descent, or reserve. Use the R button to restore the veolues|
taken from the “"Layout™ and "CG Locetion” worksheets &

(b)

Figure 25. Performance menu. (a) Range worksheet, (b) Help information.

51

P . ._,-o""



@

EGHUS Hetp Information

Speeds Informetion

This workshee: determines the stail speed, maximum speed, best rete of
chimb speed (Vy), best angle of climb speed (Vx), and the speeds for best
glide distance and endurance (power off) Note the sansitivity to available
horsepcwer and propeller sfficiency - accurate engine dsta are ebsolutely
essentiol for accurate performence predictions Use the "R” bution to

restore the velues taken from the “Layout” and "CG Location” worksheets

Alrcreft Clo 0372 Available power at sea level (hp)

Oswald factor (<1) 7
Altitude (rt) 3500 Prop diemeter (ft) | 5 75
Wing area (ft°2) 139.8 Prop efficiency 83 |
Aspect reotio 6.94 CL mex 1.7
W at altitude (Id) 1672 Shaft hp ot altitude 933
Flight speeds VY min V max Vy Vx
Mach number 0.069 0.160 0.097 0.077
Ideal prop efficiency 0.773 0.932 0.805 0.721
Sheft hp requived 43.2 93.2 93.3 933
True airspeed (KTAS) 449 104.7 63.5 50.6
Re number 2.13E+06 4.96E+06 3. 01E+06 2.39E+06
CL 1.700 0.313 0.845 1.333
CcD 0.2093 0.0430 0.0797 0.1430
cL/co 8.12 T1.27 10.60 932
Rate of climb (ft/min) 0.0 0.2 655.5 582.9
Angle of climb (deg) +0.00 +0.00 +5.85 +6.54

u (Recaiculate the speeds) (Show glide spoeW
Restore button Help button

(b)

Figure 26. Performance menu. (a) Speeds worksheet, (b) Help information.
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Oswald factor (<t)

Wing ares (1t-2)

Aspect ratio

Weight at altitude (Ib)
Cellings

Altitude (ft)

Mach number

Shaft hp required

Ideal prop efficiency

True eirspeed (KTAS)

True airspeed (mph)

Re number

cL

Co

CL/CD

Rate of climb (ft/min)

Alrcraft CDo 0372 Avatlable power at see level (hp)

17
159.8 Prop diameter (ft)
6.94 Prop efficiency at eltitude
1597
Service Absolute
18065.5 20607.9
0.112 0.116
53.6 48.0
0.844 0.853
69.5 71.2
80.0 at9
2.26E+06 2.16E+06
1.074 1.11S
0.1059 0.1112
10.14 10.02
+100.0 +0.0

@

worksheets

Ceilings Information
This worksheet estimates the service and absolute ceilings and the flight
parameters at these altitudes. One half of the fuel weight is subtracted
from the gross weight upon entry to this worksheet Note also the
sensitivity of the ceilings to the aveilatle horsepower and propeller
characteristics As in the "Speeds” worksheet, accurste engine dels are
absolutely essential for accurete performance estimetes Use the R
button to restore the values teken from the “Layout and 'Ci Locetion”

SERVICE CEILING altitude at which maximum rete of climbd 1s 100 t/min
ABSOLUTE CEILING : highest possible altilude for steady level flight

ELHIS Hetp tntormation

(Recaiculate the celllngW y
Restore button Help button

(b)

Figure 27. Performance menu. (a) Ceilings worksheet, (b) Heip information.
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CDo without geer
Oswald fector (<1)
Alrpert aititude (1t)
Takeoff roll CL

Sea level takeoff hp
Takeoff weight (Ib)

V(rotate)/v(stanl)
Prop efficiency
Wing area (11°2)
Aspect retio

Static thrust (1b)
Ground effect foctor
Stall speed (KTAS)

6round speed (mph)
6round roll (rt)

Prop diameter (rt)

Geear flat-plate (1t-2)

Rotate airspeed (XTAS)

Tokeoff hp ot oltitude

Headwind (knots)
Ground friction coefficient
Pavement : 0.02
Grass field : 0.10

Wing height sbove greund (f1)

CLmax of takeofr configuration

632.3 CDo with geer 00372
0.893 CD1 ot liftory 0.0340
48.8 CD = CDo + CDY 0.0712
58S
67.3
707.6 (Recaiculate the toxeors roi )

105.0

@

Restore button ‘/@Z{:Delp button

e ntormation

Tekeof! information

This worksheet can be used to make takeoff rol} predictions. “Takeorf roll

- retion” refers to the maxtmum 1ift coeffictent of the aircraft in the takaoff

_ configuretion The “Ground friction coefficient’ {s used to cheracterize the |5l

-

relstive roughness of different runways
of the atrcraft without lending geer; the geer flat-plate eres i1s now
included as an input, and the Cpo used in the takeo!f roil computations
combdines the aircraft ang lending geor drag Note thet the takeors roil
celculated here s only the ground ro" portion of the required teakeorr
distance up to the stort of rotation, and dees not include the additional

“Aircraft CDo” refers to the CDo

®)

Figure 28. Performance menu. (a) Takeoff Roll worksheet, (b) Help information,




CDo without geer
Osweld factor (<1)

| Prop efficiency
Seconds to zero power

Landing roll CL L1

Alrport altitude (1t) ) Headwind (knots)

Braking friction coeffictient

Landing weight (1b) [ 1672

Pavement : 0.5

Geer flat-plete (1t-2) 64
V(approach) /7 V(stall) 1.2

Grass fteld : 0.2

Wing orea (1t°2) 159.8 wing height above ground (ft)
Aspect retio £94

Prop diemster (ft) 9.73 CLmax of landing configuration
Approach angle (deg) |3 Lz ]

Sea leve! epproach hp 17.88 CDo with gear 0.0372
Ground effect factor 0.893 CD app = CDo *+ CDH 0.1200
Stell speed (KTAS) 42.6 Descent rate (ft/min) -271
Approach airspd (KTAS) 51.2
Ground speed (mph) 56.8
Landing ron (ft) 435.1 ( Recaiculate the lending roll
CL approech 1.18 /@Zﬁ]

\ —_ J

Restore button Help button
@

EHOS Hely

remsmbered that only the ground roll

varisble is the time in seconds efter

rintormatinn

Lending Information
This worksheet is very simitar to the “Tekeoff" worksheet, but it should be

portion of the lending distence is cai-

culated, and no allowence is made for flare The "Seconds to 2ero power”

touchdown thet it takes to reduce the

throttie from the approach setting to idie Nole thet the computed approsch ¥
sirspeed is the TRUE (not INDICATED) atrspeed Use the "R” button to
restore the velues taken from the "Layout” end "CG Locetion” worksheets

®)

Figure 29. Performance menu. (a) Landing Roll worksheet, (b) Help information.
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Altitude (f1)

Mach number 020

Chord (1t) 484
Density (slugs/ft°3) .0020482
Pressure (1b/1%°2) 1760.86
Temperature (°F) 4117
Temperature (°C) S.10
Viscosity (1b-sec/1t°2) 3.636E-07
Kin viscosity (ft“2/sec) 1.77SE-04
Speed of sound (ft/sec) 1097.09
True airspeed (ft/sec) 164.56
True airspeed (knots) 97.5
True airspeed (mph) 112.2
Equivelent airspeed (knots) 908
Re number 4.487E+06

( Recaiculate quantities |
v,

Help button

DSt Tnfornaton

S I ]

Atmosphere Informetion
After entering the altitude, Mach number, snd chord length combination of
interest, pressing the "Recelculate quantities” button or keyboerd cerriege Be
return key causes tha corrasponding stmospheric conditions and Reynclds i
number to be computed and dispieyed in the lower half of the worksheet
The atmospheric quentities are calculeted in eccordence with the
US. Extension to the ICAQ Stenderd Atmosphers (1958) These formulss
provide accurste atmospheric quentities up to 1,000,000 feet (190 miles).
(Tre service ceiltng of the high-Tlying U-2 spyplene ts 70,000 ft, and most
tpece shutlle ordits are delow 130 miles (680,000 ft)) The equivalent
sirspeed is celculeted using tne pitot pressure retio and see-lave! density
For most genera) aviation aircreft, the equivaient airspeed is the same 8s
the :ndicated airspeed (8ssuming no instrument or position errors for flight g
ot low Mach numbers)

L

()

sl e,

Figure 30. Performance menu. {a) Standard Atmosphere worksheet, (b) Help information.




Parametric variable

Vertical axis variable
Horizontal axis variable

QOutlined edit field

v Minimum HMeximum

Weight (18)

Wing eree (ft

Spen (ft)

Aspect ratio

Altitude (1)

Alrspeed (KTAS)

Mech number

CL

()]

CDo

¢ (Oswald)

cL/co

Thrust (1»)

Power (hp)

Now edit oullined velues

Equetion : Preq=DV =V qS(CDo + (W/(q5))2/ (51 AR @))
(select variabies ] ([ Meke the piot ]

P-step

Fixed
Fixed
X-step

| Fixed
| Fixed

00000000000

L Help button
Equation to be plotted

@
Curve for wing area = 190 sq ft Curve labels ——
Vertical axis variable Parametric variable
m.m Poog D0 D S Dn - 0N T ST 0 B el u\\lx&
Power (hp)
90 - X: 90.0469 ¥: 49.1667
Wing aree (1t°2)
80 190 /
180
160
70 4 150
140
/ 130
/ S0 4
40 4
30
20 + T J
30 70 90 PrinY
60 80 100
L Alrspeed (KTAS) @
— Cursor position in graph Cursor
Horizontal axis variabie Curve for wing area = 130 ft
)

Figure 31. Performance menu. (a) Parametric Plots worksheet, (b) Sample plot.
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ELHUS Ho kb Tate i tion
Psrametric Piots Informstion
This worksheet provides an easy way to produce many of the stendard plots
used in aircreft design end to develop a gond understanding of the ’
relationship between many of the basic design peremeters After selecting
the values for the x~ and y-axes of the plot, choose the paremetric veriable,
then edit the outlined values 8s required. Click on the “Make the plot”
button to draw the graph. Each individual curve represents s different value A
of the paramstric veriable (note the labels on the right side of the plot) "
Use the mouse to point to any place within the greph, and the x- and
y-velues sutomatically appear above the chert. Press the "Text"” button to
write a data file containing the information for each curve. (Note - if the
step increments sre too small, the labels mey overwrite each other and
become precticallyilliegibie)} The tabie below summarizes the combi-
nations of variables end equations that cen be plotted with this worksheet

Effect On For different values Using
of (X) (Y) of perameter (P) equetion
S AR Spen AR=Spen 2/S
Spen AR S AR =Spen‘2/S
AR co CL,CDo.e CD = CDo + CL'2 / (T1ARe)
v cD ‘W.S5,ARh.CDoO.e CD = CDo + (W/(q5))°2 / (1ARe)
\
(c)
'l HHIS Melp Intormation
Effect 00 For different values Using
of (X) (Y) of paremeter (P) equetion

Mech CD  W,5,ARh,CDo,e €D = CDo + (W/(qS))°2 / (11ARe)

L co AR, CDo, ¢ CD = CDo + CL"2 / (17ARe)
hach  CL w.S.h CL=Ww/(qS)
cD CL AR, CDo, ¢ CD =CDo + CL"2/ (1ARe)
v cL w.S,h CL=W/(qS)

Mach CL/CO W.,5.ARh,CDoe CL =W /(qS): CD =CDo + CL"2 / (nARe)
v CL/CO W.,5,AR,h,CDoe CL=W/(qS) CD=CDo+CiL"2/{nARe)

h Mech v Mech = V / Speed of sound

v Mech h tech = V / Speed of sound :
v Preq  W.S.ARKCDoe Preq= DV = Vas (CDo + (W/(aS))'2 / (mAR®)|E
Spen S AR AR = Span'2 / wing aree )
S Spen AR AR = Span2 / Wing ares

Mach Treq W,S5,ARh,CDo.e Treq = D = qS (CDo + (W/(qS))"2 / (1ARe)) f
v Treq W.SARNCDoe  Treq=D=qS(COo « (W/(35)°2 / (naRe)) [
W v s.h,CL LaWsz1/2rhoVv2SCL :

where h = Altitude, q = 1/2rho V'2, S = Wing area, V = Velocity, W = weignt |&

\,

(@

Figure 31. Concluded. (c) Help information, (d) Help information.
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S o

Hhng and torl Bt distibntions - fosang 150

Wing Herizontal Fuselage

Incidence (deg) -2 Cmo -

Twist (deg) (2 ) ¥(Cm)/3(A0A)

* of Vortices 15 10 (per degres)

Airfoil Cmac =013 ) AOA start AoA finish
Alrfoll ZLA (deg) [o 0 c2__J(deg) [0 J(deg)
CG6 X-laocation (ft) [ 635

{(EstFusfero J(CLwing J(CLhorz (COwing)(COhorz)( Recalculate CL CO CM )
( Uortices J(BMwing)(8Mhorz)(c*Cluwing)(c*CLhorz )( Tent output )
mm[ﬁ CL)(Save twist and incidence ) ®®

r—b Fuselage Volume : 148.2 13 Fineness Ratio : 6.16
Results for AocA = +10.0 — O Autoscale
Wing Horiz Fuselage Induced Afrcraft Plot 1imits
CL +0.814 +0.027 +0.000 +0.841 +0.841 | Acal= Jo_
CD +0.0487 +0.0059 +0.0113 +0.0359 +0.0731 | CL [- L2
CH -0.107 -0.074 +0.029 -0.181 -0.152 |cCD A
e 09212 0.1275 09039 09039|cCH [-2 2
\
— Fuselage information — Autoscale button

@

Gross weight CG marker

Cursor position in graph
—L Y. 790 X: 1299

(Fj‘\

. /

/ — Control point Cursor
Horshoe vortex trailing filament  Print button

()

Figure 32. Performance menu. (a) Lift Distribution worksheet, (b) Horseshoe vortices and control points.
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Cursor position in graph

TN I l‘,':!'m'_]u FE s it hation

Wing c®*CI/MAC
AoA (deg)
10
Y 8.8
7.6
° 6.4 .
6 4 / 52 :
4
‘7 0 2.8
: 1.6
2 4
__._.—u—'—'—'"-'_-'—'_-_
-8
0 / -
-2 T T T /' T v T —
8 /Z 6 4 P4 3
- Tip=======z===/5pan fraction===zzz======Root
Cursor _/ Print button 4 :
Text output button

()

Cursor position in graph

o (esanag 152 11 ps Hofd : —

CL
1.2 X: 4.0188 ) 0.3649 y

4 4
2 4
o /
=
'.2 v L L v
h 0 / 2 4 ¢ 8 o
L Angle of Atteck (deg) / )
Cursor Print button

Text output button
(@

Figure 32. Continued. (c) Wing load distributions, (d) CL vs. Angle of Attack.
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: Cursor position in graph
D
p ¢ X: 0.6028 - Y: 0.0544

09 -
08 -
07 -
06 -
05 -
04 -
03 -
02
ot

0 -

: 2 . " H
- 0 / 4 cL 8 1.2
Cursor —/ Print button —

Text output button

(e

Cursor position in graph
_MI—

2 - X: 04059 Y. -0.0474
15
A
05 - \\
0
-.05
-1
-15 4
-2 ' ' ' '
- ) ’ ‘o ‘e "o /@J
Cursor Print button __//@
Text output button
U}

Figure 32. Continued. (e) Cpvs. c.0 Cyvs. C.
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Lift information
This worksheet uses simple lifting-line theory to estimate the loed
distributions on the wing end teil (or wing end cenard) Totel aircreft hift,
dreg moment, and Osweld efficiency are displayed, elong with component
coefficients. The component lifts, dregs, and moments are referenced to
the wing plenform eree, end inciude their perasite drag contributions.
The data under the “induced” column combine the inviscid wing end hz
resuits The traditiona) CL vs AoA, CD vs CL, and CM vs CL plots are mede
ustng the totel sircraft coefficients. The vortices, 1ift, 1oed, end moment
distributions cen 8lso be viewed by pressing the eppropriaie buttons
Remember thet the total CM for the aircraft must de zero for the eircraft
ta be in trim. Cmac velues are the sectionel pitching moment coafficients
for the wing and tei) airfoils about their aerodynemic centers, and 2LA ere
the zero 111t angles of attack EGADS displeys approximetions for the
fuselage zero-1ift pitching moment (Cmo), the fuselage pitching-moment -
curve slope (Cma), and the fuselage volume end fineness ratio whenaver the
“EstFusAero” button 1s pressed Pressing the “Text output” butlon produces
0 dats f1)e conteining a complete tabuletion of worksheet results Use the
"R button to restore the velues teken from the “Layout™ and 'CG Location®
worksheets. See the EGADS documentation for further nformation about
this worksreet. when the number of vortices (currently limited to s total
&f40) gets large, be patient)

x4
i M
LY

e T r—

ST TR TR Lol S s T e

)

Figure 32. Concluded. (g) Help information.




& Control A/C Files Layout Propuision WO B Performance

Lo thecaprrendt de oo thien O ot patho STONE|

H
YA l HADS 1 20
/Avrlllllmumll “Daiviaon .
~T 0 Ames Pw carch (entoer t
. ST R

Figure 33. Control menu: Quit-(with-Save-Options) final screen.
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